Although cohort and country differences in average cognitive levels are well established, identifying the degree and determinants of inequalities in old age cognitive functioning could guide public health and policymaking efforts. We use all publicly available and representative old age surveys with comparable information to assess inequalities of cognitive functioning for six distinctive age groups in 29 countries. We document that cognitive inequalities in old age are largely determined by earlier educational inequalities as well as gender differential survival rates. For example, a one percentage point increase in the Gini index of past education is associated with an increase of 0.45 percentage points in the Gini index of delayed recall and 0.23 percentage points in the Gini of immediate recall. Results are robust to a variety of alternative explanations and persist even after controlling for gender-related biases in survival rates. Furthermore, we find evidence that unequal opportunities for education Àcaptured by differences in parental background and gender-also have significant effects on inequality of old age cognition.
Introduction
Intact cognitive functioning in old age refers to attention, thinking, understanding, learning, decision-making and problem solving. It is fundamental to "an individual's ability to engage in activities, accomplish goals and successfully negotiate the world" (Blazer et al., 2015, p. 2) . From an economic perspective, cognitive abilities are an indicator of accumulated human capital that depreciates over time, although the individual can take limited measures for cognitive maintenance or repairing (McFadden, 2008) . In particular, at older ages, higher starting levels of cognitive functioning are even more important, as processes of cognitive aging lead to declines in cognitive functioning. Intact cognitive functioning is related to autonomy, quality of life and active aging, whereas cognitive impairment or dementia goes along with increased disability and higher health expenditures (Bonsang et al., 2012) .
Many studies have focused on measuring the level of cognitive functioning and its determinants (Leist and Mackenbach, 2014) , and phenomena regarding cohort and country differences in average cognitive levels, such as the Flynn effect and associations to economic development are well established (Skirbekk et al., 2013; Skirbekk et al., 2012; Rindermann, 2008) . However, little is known regarding the inequalities in cognitive functioning in old age.
We argue that the degree and determinants of old age cognitive inequalities may provide important information for public health and policymaking efforts. Knowing about the potential of education to increase cognitive reserve (Chen, 2016; Banks and Mazzonna, 2012; Meng and D'Arcy, 2012; Singh-Manoux et al., 2011; Glymour et al., 2008; Lee et al., 2003) , the distribution of cognitive functioning in old age may reflect undeveloped potential for cognitive functioning due to early-life educational inequalities and lack of educational opportunities. Therefore, high inequality in old age cognition may be associated with low levels of average old age cognition. Given the high costs of cognitive impairment and dementia (Prince et al., 2015; Handels et al., 2013) and its importance for health expenditures, it is expected that high inequality of cognitive functioning may undermine the sustainability of healthcare. Further, considering the importance of cognitive functioning for financial decision making and financial outcomes (Christelis et al., 2010; Smith et al., 2010) , inequalities in cognition may exacerbate the inequality of wealth due to poor financial planning and investment decisions. Indeed, a recent study by Lusardi et al. (2017) shows that financial literacy can explain about 30-40% of wealth inequality in the U.S.
In a broader perspective, inequality of old age cognitive functioning can be related as well to the distribution of wellbeing among old people. In fact, cognitive functioning may determine key dimensions for this population group, such as autonomy, mental health, and planning ability, among others. Educational inequalities have been shown to have long-run consequences on hampering equality of opportunity for accumulation of resources over the life course (Attewell and Newman, 2010; Roemer, 1998) .
In this paper, we analyze current inequalities in old age cognitive functioning around the world. Our goal is to assess the extent to which educational inequalities experienced at young age have long-run effects on inequality in cognitive functioning experienced in old age. We condition our results for the role of survival rates on cognition because differential survival rates may further aggravate today's inequalities due to gender-unbalanced accessibility to education often observed in older cohorts (Weber et al., 2014) . In our baseline estimation we find that a one percent increase in educational inequalities is associated to a positive and significant increase in inequality in cognitive functioning in late age that ranges from 0.10 to 0.45 percentage points depending on the cognitive functioning indicator. The effects are consistent in significance and size across a variety of robustness checks, involving the way in which inequalities are measured and changes in inequalities correctly identified. Results are also robust to the effects of unfair differences in parental background and gender.
Our investigations are based on a variety of available data sources, including survey data, population projections and the historical distribution of educational attainment, drawn from 29 countries with diverse economic development levels in four continents. The selection of countries is mostly based on the availability of survey representative data measuring cognitive functioning among old individuals. The main results show evidence of significant long-term effects of past educational inequalities on inequalities in old age cognitive functioning observed today. In addition, we show that the relative higher life expectancy of women may contribute to increase cognitive inequality. All in all, we also bring new evidence that countries that experienced a large gender gap in education are showing higher old age cognitive inequalities.
Data
For the measurement of inequality of old-age cognition we use survey data from 29 countries for years [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] , with most of the surveys (23 out of 29) taken between 2011 and 2015. The complete list of countries, years and surveys are reported in Table 1 . The selection of these countries is based on the public availability of the data, comparability of cognitive tests and national representativeness of the sample. All these surveys are specialized studies focusing on the elderly population (generally aged 50+) that can be considered sister studies of the Health and Retirement Survey (HRS). Altogether, these surveys represent about 61% of the world's 50+ population.
The surveys presented in Table 1 provide harmonized measures of cognitive function, assessing immediate memory (number of correctly recalled answers to a 10-word list read out loud by the interviewer), delayed recall memory (number of correctly recalled words of the same word list after a delay), average memory (average of both memory tests) and verbal fluency (number of animals named in one minute). These types of measures are routinely utilized in studies about later-life cognition (e.g. Rohwedder and Willis, 2010; Banks and Mazzona, 2012; de Grip et al., 2015; Guven and Lee, 2015) . The respondents are divided in 6 age groups (50-54, 55-59, 60-64, 65-69, 70-74 and 75-79) within each country, which results in a sample of 174 synthetic individuals (countrycohort points). Inequalities are measured for each of these groups.
Some details about the choice of some surveys are worth mentioning. We use the Study on Global Ageing and Adult Health (SAGE) survey for China instead of the China Health and Retirement Longitudinal Study (CHARLS) survey because the former includes the verbal fluency test, and the latter does not include it. The wave 2 (2012) of the Irish Longitudinal Study on Ageing (TILDA) was available at the time of writing, but the design weights were not publicly available. Therefore, we use TILDA wave 1 (2010). The Mexican Health and Aging Study (MHAS) utilizes a memory test with a list of eight instead of 10 words as is the case in the other countries. Given that the Gini index of inequality of cognitive functioning is our main variable of study, the different size of the word list is factorized by the formula to compute the index. Other potential old age surveys were not included due to weak comparability. For example, the Japanese Study of Aging and Retirement (JSTAR) does not include the test of verbal fluency, and the New Zealand Longitudinal Study of Aging (NZLSA) categorizes the number of words of the verbal fluency test in 7 intervals, which does not allow to compute a Gini comparable to the other countries.
Measurement of inequality

Inequality of educational attainment
The inequality of education is measured with the Gini index (Atkinson, 1970) , which is bounded between 0 and 1. A larger index indicates more inequality. We compute the Gini of years of education in the year when each particular country-age group point (observed in the old age cognition survey) was aged 25-29. For example, the age group 65-69 of a country with survey year in 2015 has a Gini of cognition computed for that group in 2015, while its corresponding Gini of education is measured with the (Barro and Lee, 2013) . This dataset reports the distribution of educational attainment in 5-year age groups between 1950 and 2010 and has been extensively used in human capital dynamics, economic growth and educational inequality studies (Castelló and Doménech, 2002; Harttgen and Klasen, 2012) . The distribution of educational attainment in the Barro-Lee data (BL data) includes seven categories: no education, incomplete primary, complete primary, incomplete secondary, complete secondary, incomplete tertiary and complete tertiary. In addition, the database reports the average years of education spent in primary, secondary and tertiary levels. The studies by Castelló and Doménech (2002) , Thomas et al. (2001) and Checchi (2004) , with small differences, compute educational Gini indexes with this data by using the following formula:
y i , y j : Cumulative average of education years of each educational level, n: Number of educational levels, p i , p j : Shares of population in certain educational level, y : Average educational attainment. Thomas et al. (2001) use 7 categories of educational level (n = 7), which are no education, complete and incomplete primary, complete and incomplete secondary and complete and incomplete tertiary education, while Castelló and Doménech (2002) use 4 categories. Given that the BL dataset does not report average years of schooling for incomplete levels of education, Thomas et al. (2001) use another source for duration of education levels and assume that incomplete education levels were half of the years of the subsequent level. For this paper, we utilize the newest version of the BL data (version 2.0 with updates as of Feb-2016) and we have access À from the authors of the BL data À to the theoretical duration of each educational level per country and year.
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The study by Benaabdelaali et al. (2012) use the same formula for the Gini index and the seven educational levels in the BL data, but they do not rely on external data for educational level durations. Instead, they assume that males and females show the same average years of schooling in each level. Castelló and Doménech (2002) use BL data and compute Gini indices of educational attainment with a formula employing four educational levels, i.e. no education, primary, secondary and tertiary education. They do not need to rely on any other data source to compute Gini indices. In general, all these papers show that educational inequality is negatively related to average years of education and educational inequality is declining over time.
Inequality in levels of education
The approaches previously mentioned provide estimates of inequality of educational attainment under the assumption that attainment is cardinally measurable. Attainment is nevertheless bounded from above. Increasing school attainment in a country, for instance by promoting larger participation to secondary and tertiary education, would raise average attainment in the population as well as decrease attainment gaps (since attainment of those in tertiary education cannot systematically grow with average schooling attainment expansion). This change in the school attainment distribution would mechanically reduce inequalities.
One alternative is to focus on inequality in the distribution of levels of education, i.e. in number of years effectively completed (the levels) within the education system, irrespective of educational attainment. Barro and Lee (2013) report the theoretical duration in years of each educational level. We let l indicate a given level of education. It is measured by natural numbers with l = 0 for lack of formal education and l p , l s and l t be the theoretical duration of primary, secondary and tertiary education (reported in years, corresponding to the highest level achievable by a given cohort in a given country), respectively. The data also include information on the probability of not attending any form of education (p 1 ), the probability of attending some primary education or completing it (p 2 and p 3 ), the probability of attending some secondary education or completing it (p 4 and p 5 ) and the probability of attending some tertiary education or completing it (p 6 and p 7 ). The level of education can be treated as a count variable which takes values on l = 1, . . . , l t , each indicating the level accomplished. For instance, l = 4 is for attending grades 1 to 4 in primary education without completing it (in most of the countries, primary education ends at fifth grade), while l = l p if only primary education is completed.
The probability of accessing at most education level l can be represented by the cumulative distribution of achieved levels, F l ð Þ. This distribution is constructed under the assumption that the population is uniform distributed within each education levels. For primary education, for instance, the cumulative distribution function writes
p 2 for any l = 1, . . . , l p . The cumulative distribution function is hence a step function with uniform increments across levels in either primary, secondary or tertiary education. The distribution F l ð Þ is qualitatively equivalent to the distribution of a counting indicator. In our case, the indicator counts the education levels l achieved by a target population. Understanding inequality in levels of education boils down to evaluating the distribution of cumulative probabilities F 0 ð Þ; . . . ; F l ð Þ; . . . ; F l t ð Þ associated to attained years of education.
An intuitive measure of inequality in education levels is the Gini index of attained years of education, Gini F ð Þ, which is the Gini mean difference of attained years of education divided by the average number of completed years in education:
The Gini F ð Þ index has interesting properties. It is normalized so that Gini F ð Þ ¼ 0 if and only if years of attained education coincide across the population. In sharp contrast with most of the indices inspired by income inequality literature (such as the Gini index of years of education by Thomas et al., 2001 ) the average level of education cannot be targeted as a relevant egalitarian objective (as it would be the average income). Differently from the analysis of income inequality, basic inequality-reducing rich-to-poor income transfers (that are mean preserving) are not sufficient to reach the egalitarian distribution of education attainments. The Gini F ð Þ index internalizes this feature of the data, and offers a consistent and normatively sound inequality indicator for assessing inequality using counting scores for educational achievement.
Furthermore, Gini F ð Þ % 1 only when F l ð Þ % 1 and constant for all l l t À 1, implying that a large fraction of the population has not even attained first year of primary education and only a small 1 An alternative dataset of historical educational attainment is the one constructed by Cohen and Soto (2007) which reports educational attainments for 95 countries, every ten years from 1960 to 2010. The database displays the average years of education of the population aged 15+, 25+, 25-64 and by 5-year age groups. Likewise, the Wittgenstein Centre Data Explorer includes projections of educational attainment for 1970-2100 in 195 countries by sex and 5-year age groups. These data cannot be used because information for individuals aged 25-29 in 1960 is missing therein.
fraction of the population has completed tertiary education. Instead, Gini F ð Þ 2 0; 1 ð Þ for the case in which a small proportion of the population has not achieved any level of education while a large majority of the population has completed tertiary education. The three cases are different, and the Gini F ð Þ index correctly distinguish among them.
2 The index is also sensitive to the distribution of increments in completed years of schooling. In fact, increments in education below the median (implying an increase of 1 À F l ð Þ and a symmetric decrease of F l ð Þ thus reducing the product F l ð Þ 1 À F l ð Þ ð Þ when F l ð Þ < 0:5) are generally accompanied by a reduction in overall inequality compared to increments in education taking place above the median.
We use Gini F ð Þ as our preferred measure of educational inequality. Overall, this measure is strongly associated with Gini index in Thomas et al. (2001) (correlation is 99%). This is not surprising: when F is continuous (as it is the case for population models of income distributions) indices like the ones in Eqs. (1) and (2) arequalitatively equivalent (Yitzhaki, 1998 ). Yet, the equivalence breaks down when the population distribution of the data is not continuous, as it is the case for the underlying variable counting levels of education achieved. The Gini F ð Þ index has to be preferred in this case. As a robustness check, we also consider the Thomas et al. (2001) Gini index of inequality in educational attainment as the main treatment variable. In Table A1 in the Appendix (in Supplementary material) we report averages of the distribution of Gini F ð Þ indices by country and by age group based on the BL dataset.
Inequality of cognition in old age
We exploit the specific counting nature of the cognitive functioning indicators (memory scores) to construct appropriate inequality measures of cognition in old age. The memory scores reported in the surveys are counts of the number of correct word recalls from a list of 10 words. The verbal fluency score counts the number of animal names over a given amount of time. We measure inequality in cognition by the degree of inequality in the distribution of scores of memory tests across the population.
Let X i be the count of correctly recalled items by individual i (i = 1, . . . , N) for a given memory test. The count score takes on values X i = k, with k = 0, 1, . . . , K, the maximal number of correctly recalled items. For instance, K = 10 in the immediate recall memory indicator. Based on these data, we can calculate the country-age group specific probability that exactly k out of K items are correctly recalled, denoted by p k ¼ X i:X i ¼k w i , where w i is individual i weight.
The empirical cumulative distribution (cdf) of counts is 
The concept of unequal distribution of cognitive functioning is not well-defined as it is the case for income inequality: first, the distribution of cognitive functioning scores is bounded above and below; second, the notion of inequality decreasing (rich to poor) transfers does not straightforwardly apply to the distribution of cognitive functioning scores. Rather, one can refer to improvements and deteriorations in the distribution of cognitive functioning across the population. We hence define an index of inequality of cognition, I F ð Þ, implicitly from an underlying welfare function W F ð Þ, which measures societal well-being that stems from the overall distribution of cognitive functioning in the society. The function W only depends on the cumulative distribution function of cognitive functioning. Welfare, inequality and average memory scores are tied one to the other according to the usual
Building on Aaberge et al. (2015) , we propose a social welfare function that is rank dependent: social welfare represents the preferences of a social planner that is concerned with the extent of well-being stemming from cognitive functioning score (represented by the count measures) and the proportion of population enjoying that well-being (F). We denote social welfare by
Þ, where G is a distortion function which assigns different weights to different ranks of the cognitive functioning score distribution function. The function G should satisfy some desirable properties. Consider first the case of an improvement in the distribution of cognitive functioning scores in the society, implying that 1 À F increases. Improvements in memory are definitely good for societal well-being, which amounts to require that G is increasing in 1 À F. For instance, a linear wellbeing function G (i.e., G t ð Þ ¼ t) would imply that W F ð Þ ¼ m, which is increasing in memory improvements.
A second condition that we require is that societal well-being increases more if the improvement in old-age cognition occurs at the bottom of the cognitive functioning score distribution (where 1 À F is relatively high) rather than at the top (where 1 À F is relatively low). This amounts to additionally require that G is convex in 1 À F.
There are many examples of functions G that are increasing and convex. In this study, we consider the parametric family G t ð Þ ¼ t a , with a ! 1. Larger values of a are associated to welfare evaluations that are more sensitive to the incidence of low old-age cognitive abilities in the population. The associated inequality index is:
Our preferred measure of inequality is a Gini-type indicator of inequality, which is obtained by setting a = 2. We hence refer to Gini of cognition in the remainder of the paper as the reference measure of inequality for cognitive functioning (based on the memory and verbal fluency test). The interest and innovativeness of the index I F ð Þ lies on the idea of assessing inequality in cognition through the lenses of the counting approach (see Aaberge et al., 2015) . This approach explicitly recognizes that the average memory score m, (interesting for comparing the memory affluence across populations) does not generally coincide with the egalitarian outcome. Differently from standard (income) inequality indices (e.g. Gini, Atkinson and entropy measures), mean-preserving progressive transfers of outcomes (such as rich-to-poor transfers) converging to m may not suffice to reduce inequality in cognition to 2 Consider hypothetical cases in BL data (reporting n = 7 education levels). In the 1 À F k ð Þ, it is sufficient to note that F is a step function with increments p k . The area below the survival function 1 À F is hence an appropriate estimator of the counts expectation.
its minimum I F ð Þ ¼ 0, while they suffice to eliminate income inequality. In fact, the egalitarian distribution is only achieved when all individuals display the same cognitive score k (that can be a very low cognitive level) rather than m, which might not be an admissible score. This makes the welfare measure W F ð Þ, and the implied inequality indicators in (4), normatively relevant in this context.
In the robustness section, we additionally consider specifications of the index in (4) where a = 3, 5, 10. Estimates of inequality in cognitive functioning scores across countries and reference cohorts are reported in table A1 in the appendix (in Supplementary material).
Methods
The effects of past educational inequalities on old age cognitive inequality are assessed with linear (OLS) regressions. The agegroup (i.e. the synthetic individual) is the unit of analysis, and the regressions employ the following model specification:
where t indicates the calendar year when the synthetic individual i was aged 25-29. The dependent variable I c,i is our proposed inequality index of cognitive functioning in (4), measured within the synthetic cohort c,i around the survey year. 5 The term Gini c,i,t is our proposed Gini inequality index of past education for the agegroup c,i measured in the year t the group was aged 25-29. Baseline results are obtained by measuring the Gini of past education by the inequality in educational level distribution measured by the Gini F ð Þ. We produce results with alternative indicators of inequality of past education as robustness checks. The terms S c,i, t,female and S c,i,t,male indicate the survival probability of the female (or male) age-group c,i measured in the year t the group was aged 25-29. The baseline model always includes country-specific fixed effects.
Regarding the survival rate of a given age-group observed in the survey is the expected survival probability of this group when they were aged 25-29. So, the survival rate is the probability of surviving from age 25-29 to the current age of the age-group and it is specific to each age-group in order to take cohort differences into account. We chose the reference age group 25-29 because the decisions on educational investment have already been taken for most of the individuals at that age.
Regarding the computation of survival rates, we utilize the series of life table survivors of the United Nations World Population Prospects 1950 Prospects -2100 Prospects (2015 . In more detailed terms, the survival rate (by sex and total) is measured back in the year the group was aged 25-29. This measures the probability that the individuals aged 25-29 in the past will survive until the current age of the agegroup. The following formula is employed:
The subscript t indicates the year the age-group i was aged 25-29, and the subscript c stands for country. The term l 25,t is extracted from a period life table and indicates the number of surviving individuals at age 25 in year t, and the term l 25+x,t is the number of individuals who will survive up to the target age 25 + x. Both terms l 25,t and l 30,t are employed in order to take into account the number of survivors in the 5-year age group.
Results
Main results
Raw correlations recover a negative association between the average score of cognition and inequality of cognition (Fig. 1) . So, agegroup observations with a higher level of cognitive functioning are more likely to have a more equitable distribution of cognitive abilities in old age. This resembles the negative relationship found between educational inequality and average years of education in other studies (such as Castelló and Doménech, 2002, and Thomas et al., 2001 ). The descriptive statistics can be consulted in the appendix.
Our first key findings are shown in Fig. 2 . We find statistically significant and positive associations between educational inequalities experienced in the past and inequalities in old age cognition measured in the present. The strength of this association is more important in the case of immediate memory and verbal fluency.
The positive relationship between inequalities in education and cognition is confirmed in linear regressions that include age group survival rates and dummy variables for countries. By including country fixed effects, we account for unobserved differences across countries at diverse development stages considered in our sample. The estimates reported in Table 2 are identified by variability across cohorts within the same country. We estimate that a onepoint increase in educational Gini is associated with an increase of 0.28, 0.61, 0.45 and 0.15 points in the Gini of immediate memory, delayed memory, average memory and verbal fluency, respectively. These estimates are reduced once we introduce differential survival rates (male minus female survival rates) in the regression models. Here, a larger relative surviving probability of women À who are in general less educated than men À is associated with a higher level of cognitive inequality. The estimates for this variable imply that if the relative deficit of survival of males were cancelled out (i.e. males and females would have the same surviving rate), the effect of a one percent change in educational inequalities on inequality in cognitive functioning at old age scales down to 0.24, 0.45, 0.34 and 0.10 for immediate memory, delayed memory, average memory and verbal fluency, respectively.
Robustness checks
The first robustness check concerns our response variable, inequality in cognitive functioning at old age. We report in Table 3 , estimates of the effect of a change in the Gini of past education on inequality of memory scores, using different degrees of sensitivity for low memory scores in the population (parameter a in Eq. (3)).
The results confirm findings in Table 2 : the effect of an increase of one percentage point in the Gini of past education is associated with a positive and significant increase in inequality in cognitive functioning. Effects are increasing in sensitivity to low cognitive functioning scores, but the size of the effect is never larger than one. The largest impact throughout various specifications is on the Gini of delayed memory, consistently with Table 2 .
The second robustness check we consider involves the treatment variable, the inequality in past education. We replicate estimates of the baseline regression, while using the Gini index of educational attainment of Eq. (1). Estimates (see Table 4 , panel A) coincide with those in the baseline regressions, based on our preferred measure of educational inequality.
The third robustness check challenges the identification condition. In the baseline model we include country fixed effects, implying that identification arises from variability in inequality of past educational attainment across cohorts within the same country. This source of variability would ideally arise from effects of shocks (crises, school reforms) that are exogenous at the individual level but common to all people of the same cohort, and that vary across cohorts. In the baseline setting, however, it is not possible to distinguish cohorts from age groups, increasing the potential risk that inequality in cognitive functioning at old age and educational inequality systematically covariate across age groups. Controlling for age fixed effects would substantially reduce identification power to variations within the same country and cohort. We propose an alternative strategy that consists in pooling the country-cohort/age data with information on same age-range individuals from survey waves distanced by about 10 years from the baseline data. Thus, we expand country-cohort data with information on inequality in past education and in old age cognitive functioning from synthetic individuals that are of the same age-range as in the baseline panel, but born 10 years earlier. By doing so, we isolate cross-cohort variability within the same age group. We can exploit this 'longitudinal' feature of the data (where educational and cognitive inequalities are measured for same age-range synthetic individuals from two distinct cohorts) only for 13 countries. For each of these countries, information on cognitive functioning scores is reported for two sufficiently distanced periods: the first period is about 2002/ 2004 and the second period is about 2013/2015 (the baseline data). 6 We test robustness of the baseline model by augmenting the model with fixed effects related to the age-range of the respondent. To increase estimation power, we rely on an indicator for survey year that is equal to one if a synthetic country-cohort observation is from about 2004 and zero if it is from about year 2015. Identification purely relies on average differences in cohort composition across same-age individuals within the same country. The magnitude and significance of the coefficients of inequality in education (Table 4 , panel B) are comparable to baseline estimates. A one percent change in Gini of past education is associated with 0.187 percentage increase in Gini of immediate memory, with 0.21 percentage increase in Gini of delayed memory and with 0.2 percentage increase in Gini of average memory scores (verbal fluency is not available for the US in both waves).
The last robustness check is for potential bias arising for learning effects in cognitive functioning tests that are attributable to retake of the cognitive tests for those individuals participating to longitudinal surveys. For a substantial number of countries, retake of the test is not an issue. 7 We include in our baseline regressions a variable indicating the percentage of people (within each agegroup country) who have taken the test during the wave of analysis and in the previous wave (see Table 4 , panel C). We observe a statistically significant coefficient for this variable in the case of the regressions for delayed and average memory. Importantly, the results regarding the association between inequality of cognition and education do not invalidate baseline estimates.
Inequality of opportunity for educational attainment and its implications
Attainment of primary and secondary education contributes to the formation of one's human capital and lifelong well-being opportunities. Upper secondary and tertiary education attain- Fig. 1 . Gini index and mean of cognitive functioning in old age. Note: each observation represents a particular age group in a country. There are 6 age groups and 29 countries, and hence the sample consists of 174 observations. The information corresponds mostly to years 2011-2015. 6 There is a total of 13 countries with observations in two distant periods: United States (2002 States ( , 2014 , United Kingdom (2002 Kingdom ( , 2014 , Austria (2004 Austria ( , 2015 , Belgium (2005 Belgium ( , 2015 , Denmark (2004 Denmark ( , 2015 , France (2004 France ( , 2015 , Spain (2004 Spain ( , 2015 , Germany (2004 Germany ( , 2015 , Sweden (2004 Sweden ( , 2015 , Netherlands (2004 Netherlands ( , 2013 , Italy (2004 Italy ( , 2015 , Switzerland (2004 Switzerland ( , 2015 and Israel (2006 Israel ( , 2015 . ment also bear important signaling components: the interplay of preferences, talents and effort determine investment in upper education, with larger attainment working as a signaling device of accumulation of specialized human capital and of own abilities. Inequality in educational attainment might hence be desirable for efficient allocation of talents, provided accessibility to primary, secondary and tertiary education is granted to everybody irrespectively of social origin and disposable resources, and skills acquisition only depends on one's choices and innate talents.
Recent literature and policy debate have brought about evidence that opportunities for access to, and for benefitting from, (good quality) education are unequally distributed across strata of the society. The quality of parental background is one of the major drivers of inequality of opportunities for human capital acquisition (see Cunha and Heckman, 2007; Roemer and Trannoy, 2015; Ramos and Van de gaer, 2016) . Parental investments during childhood (both in terms of disposable income and of quality time spent with children) generate unfair differences in abilities early in life that later capitalize into educational attainment inequalities (Cunha et al., 2006) and cognitive functioning inequalities in old age (Case and Paxson, 2008) .
We isolate and measure the extent of unequal opportunities for educational attainment in a way consistent with the literature, and we quantify the contribution of this aspect of educational inequalities experienced early in life on the unequal distribution of old-age cognition scores.
Inequality of opportunity arises when individual circumstances (such as parental education or gender), that are normatively irrelevant in determining individual educational choices, produce non-negligible effects on inequalities of educational attainment. Let us define a type as a group of individuals sharing similar circumstances. For each type t = 1, . . . , T we can construct agegroup and country specific measures of average educational attainment, denoted m t .
In line with the literature (Ramos and Van de gaer, 2016) , we propose to measure inequality of opportunity (IOP) by the contribution of between-types inequality in average educational attainment over population inequality in educational attainment, that is IOP F ð Þ ¼ I m 1 ; . . . ; m T ð Þ=I F ð Þ, where F is the population distribution of educational attainment. Ferreira and Gignoux (2011) and Checchi and Peragine (2010) have developed on this approach and have demonstrated that the unique index of inequality that satisfies desirable properties and is consistent with normative fundamentals of inequality of opportunity measurement is the mean log deviation, that is I F ð Þ ¼ with y i indicating the exact educational attainment of individual i. We retrieve information on educational attainment and parental education background for most of the countries considered in this study.
8 Parental education is the highest education level achieved by each of the parents of the interviewed person (no education, primary/secondary/tertiary education). We generate types by either looking at each possible 8 Mexico, Ireland, the UK and the US are excluded for lack of comparability in the definition of parental education, as well as Hungary, India for which information on educational attainment is missing. Israel is also excluded from the analysis because of lack of education-survival data that is needed to compute the IOP indicator.
match of both parents education (Types A), or by focusing on the highest educational achievement among parents (Types B). Additionally, we consider refinements to the type indicator by further partitioning the population according to the gender of the survey respondent (thus giving Types AG and Types BG respectively, where 'G' states for gender). This allows to explicitly account for gender-biased behavior towards participation to education in older cohorts, and for connections with parental background quality. We follow Ferreira and Gignoux (2011) to produce parametric and non-parametric estimates of relative inequality of opportunity in educational attainment based on the mean log deviation index of inequality. We are able to estimate cohort-country specific level of inequality of opportunity that we later merge with information on inequality in old-age cognition. Cohort survival probabilities vary substantially across educational levels, implying that educational composition estimated from recent surveys (where responded belong to the 50+ age group) may differ from educational composition estimated at age 25. The computation of IOP estimates accounts for differences arising from survival probability that is specific to the country, sex, age and education level of the individual. 9 We focus first on the baseline specification of the testing model, where inequality in past education is replaced by indices of inequality of opportunity. We consider four separate sets of Note: The unit of the analysis of the Ordinal Least Square (OLS) regressions is the synthetic unit formed by age group and country. There are 6 age groups and 29 countries, and therefore the sample consists of 174 observations. Inequality in cognitive functioning computed according to the index I F ð Þ of Eq. (3). The parameter a refers to the level of the sensitivity of the inequality index to individuals located in the bottom of the distribution. Larger values of a are associated to welfare evaluations that are more sensitive to the incidence of low old-age cognitive abilities in the population. Inequality in past education is measured by the index Gini F ð Þ of Eq. (2). Every regression controls for country fixed effects, the gender-based difference in survival rates and includes a constant. Robust standard errors are clustered by country and are in parentheses. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01. 9 We correct for differences in survival probabilities by multiplying the individual survey design weight by the probability of surviving from age 25 to the current observed age of the person. These probabilities are specific by country, sex, age, year, educational level and birth cohort group and are estimated with information extracted from the database of human capital of the Wittgenstein Centre for Demography and Global Human Capital (Lutz et al., 2014) . The procedure consists in 'extract' the number of individuals of a specific cohort-sex-country-education across years and utilize Gompertz functions to find the parameters to construct life tables. Then, the computation of individual survival probabilities is performed with these life tables.
regressions for each inequality in old age cognitive functioning, each corresponding to a different definition of types in the population. Results of these regressions are in Table A2 in the appendix (in Supplementary material). We find that IOP of past education is only weakly associated with old age cognition for types A and B. In most of the cases, coefficients are not significant. Association is stronger when the IOP index accounts also for the implications of gender differences, as for types AG and BG. In the latter case, leading to most significant results, we find that a one percent increase in IOP goes along with a 0.07 percent increase in the Gini of immediate memory, with 0.22 percent increase in the Gini of delayed memory, with 0.15 percent increase in Gini of average memory and with 0.02 percent increase in the Gini of verbal fluency. Gender implications for unequal distribution of education attainment opportunities are shown to drive implications of IOP on inequalities in cognitive functioning at old age.
We test an extended version of the baseline model, where inequality in old age cognition is regressed on inequality in education (Gini F ð Þ), on gender differences in survival probabilities, and additionally on IOP estimates. This model aims at verifying whether the IOP measures for Types A, B AG and BG are capturing the relevant channels through which inequality education affects inequality in cognition. Results reported in Table A3 in the Appendix (in Supplementary material) discard this hypothesis. There is no statistical support to conclude that IOP has explanatory power on inequality in cognitive functioning once educational inequality are taken into account (models (1)- (8)). Only IOP indices that account as well for implications of gender differences have statistically significant positive marginal effects on inequality in old age cognitive functioning. More interestingly, the effect of inequality of education survives after controlling for implications of inequality of educational opportunities. Effects in the preferred specification of the model (see models (9) to (16) in Table A3 ) are in the range of 0.2-0.35, consistent with baseline estimates in Table 2 . This evidence confirms that unequal opportunities for education stemming from differences in family background quality (captured by parental education) and gender have important effects on old age cognitions. Nonetheless, other channels may equally explain the tight partial effects of inequality in education on inequality in cognition, which persist even after controlling for IOP. 
Conclusions
Our results document significant long-term effects of past educational inequalities on inequalities in old age cognitive functioning observed in the present. Furthermore, we find that the relative higher life expectancy of women contributes to increased cognitive inequality. Given the lower educational attainment of older women, and the positive relationship between education and cognitive abilities, we can speculate that countries that experienced a large gender gap in education are showing higher old age cognitive inequalities. Thus, reducing the gender gap in education and improving the distribution of education among the young will reduce inequalities in cognitive functioning in the future.
Furthermore, we assess the role of inequality of opportunities experienced at young age and find evidence suggesting that unequal opportunities for education stemming from differences in parental education and gender have important effects on the distribution of old age cognition. Note: The unit of the analysis of the Ordinal Least Square (OLS) regressions is the synthetic unit formed by age group and country. There are 6 age groups and 29 countries, and therefore the sample consists of 174 observations. All regressions include dummy variables for countries, a constant and control for gender-related differences in survival rates. In panel B, the variable 'first period' takes value 1 for the groups observed about 2004 and zero for the groups observed about 2015. There is a total of 13 countries with observations in two distant periods: United States (2002 States ( , 2014 , United Kingdom (2002 Kingdom ( , 2014 , Austria (2004 Austria ( , 2015 , Belgium (2005 Belgium ( , 2015 , Denmark (2004 Denmark ( , 2015 , France (2004 France ( , 2015 , Spain (2004 Spain ( , 2015 , Germany (2004 Germany ( , 2015 , Sweden (2004 Sweden ( , 2015 , Netherlands (2004 ), Italy (2004 , 2015 , Switzerland (2004 Switzerland ( , 2015 and Israel (2006 Israel ( , 2015 . Verbal fluency is not examined as this is not present in the US. Robust standard errors are clustered by country and are in parentheses. Significance levels are * p < 0.10, ** p < 0.05, *** p < 0.01.
10 Education attainment is treated as a cardinal variable by the IOP measures we consider. As an additional robustness check, we obtain parametric IOP estimates based on the indices in Ferreira and Gignoux (2014) , which are appropriate for variables that convey only ordinal information. Regression results (available upon request) are comparable in size and magnitude to those in Table A5 and Table 2 .
